Abstract-Literature shows that some health outcomes (e.g., eating, breathing, and speaking) are directly related to posture. Evidence of outcomes mediated by wheelchair seated posture is limited to interface pressure, physical function, and wheelchair skills and safety. This study's purpose was to develop and validate a rapid, low-burden, paper-pencil assessment of wheelchair seated posture for research use and to test feasibility of its use with a sample of older adults. We used a prospective design and a convenience sample of older adults who were receiving rehabilitation services in a community living center. Forty-nine older wheelchair users participated. Main measures were the Seated Posture Scale (SPS), Modified Ashworth Scale, Barthel Index, Visual Descriptor Scale, scale-content validity index (S-CVI), Cronbach alpha, and test-retest reliability. Rating by six experts yielded the overall content validity score (S-CVI) of 0.744. Total SPS score correlated positively with physical function (Barthel Index, r = 0.46, p < 0.001) and negatively with muscle tone (Modified Ashworth Scale, r = -0.44, p = 0.001), supporting SPS construct validity. Internal consistency was 0.66 (Cronbach alpha). Test-retest reliability yielded Pearson product-moment correlations of 0.89 to 0.99. We conclude that the SPS has sufficient preliminary validity and reliability to support its use as an evaluation of wheelchair seated posture in outcomes research.
INTRODUCTION
Although seated posture is typically dynamic in nondisabled persons, it is less so for people who require maximum assistance through positioning. Upright positioning in wheelchairs that influences posture affects key health outcomes such as breathing, eating, and pressure ulcer development [1] [2] [3] [4] [5] [6] [7] [8] . Posture and outcomes will be poor if the wheelchair is inadequate. Wheelchair seated posture appears to be primarily influenced by three factors: (1) wheelchair configuration; (2) intrinsic postural control, movement, and body characteristics; and (3) positioning by self or a caregiver. More than 70 percent of nursing home residents currently use wheelchairs for seated mobility [9] , and many of their wheelchairs were determined to be inadequate [10] [11] [12] . Although correct positioning will not fully compensate for inadequate wheelchairs, it will enhance outcomes if appropriate seating is used. These proposed relationships are illustrated as a conceptual framework for wheelchair seated posture in the Figure. Given that rehabilitation settings provide care to people who more likely rely on caregivers for positioning in wheelchairs, it is critical to have empirical evidence to guide positioning [13] . However, currently available methods for evaluating an important outcome of positioning, i.e., wheelchair seated posture, require clinical expertise and use of specialty items, such as a camera, laptop, software, or goniometer [14] [15] . Additionally, most existing methods do not evaluate posture of the whole body [14] or are too lengthy to be used efficiently [15] with older adults in long-term care settings. The manual of one validated instrument, the Seated Postural Control Measure for Adults (SPCM-A) [15] , which is a two-section, 27-item measure, is currently being translated from French to English.
* However, this tool was developed for use by physical or occupational therapists and assistive technology practitioners measuring postural control and seated posture in seating systems. The manual has only been available in French; use of a goniometer is required; and although fairly brief, its use in conjunction with other outcome measures is still cumbersome to apply to older adults in the long-term care environment. At present, there are no published, simple, rapidly executable, noninvasive methods requiring little equipment to aid investigators in evaluating overall posture as an outcome mediator of wheelchair seating of older adults. Moreover, in a recent review, Field and Livingstone found no available instrument meeting all criteria for a well-developed measure [16] . Despite proliferation of wheelchair design technology, and except for interface pressure and pressure ulcer development, little is known about the effects of wheelchair seated posture on health outcomes [17] . Intervention research in this area is scant [17] . Most studies focus on wheelchair design, function within the environment (skills), interface pressure, and patient safety.
There is a need for a valid and reliable, low-burden tool that can be administered rapidly using simple items in the long-term care environment with vulnerable adults. The objective of this study was to develop and provide initial validation data for an instrument that allows evaluation of wheelchair seated posture of older adults in longterm care environments by direct patient care staff. While the initial intent is to use this tool in research applications, in the future it may be modified for clinical use by nursing staff.
METHODS

Participants
After obtaining institutional review board approval, we recruited a convenience sample of 49 older adults from a Department of Veterans Affairs (VA) Community Living Center (CLC). Inclusion criteria were English speaking, >63 yr old, and use of a manual or power wheelchair or scooter at least 6 h/d. Exclusion criteria were amputation, body weight >200 lb (dictated by the weight limit of the seating simulator), or spinal cord injury (because of characteristic postures). Prior to study participation, informed consent was obtained.
Seated Posture Scale Instrument Development
We defined the domain of wheelchair seated posture by adapting the items listed in section 2 (Postural Alignment) of the SPCM-A. Additions were made to the original tool because many older adults who require maximum assistance in seating use their arms to support the upper trunk by leaning on their wheelchair arm supports or, more often, their lap tray. Therefore, we included four items that capture right and left upper-arm sagittal and frontal angles. We also added two lower-limb items: right and left frontal lower-leg angles to obtain additional information regarding leg positioning in the wheelchair. The initial draft included 26 items. After pilot testing, and based on recommendation of our expert panel, two items (pelvic tilt and lumbar curve in the sagittal plane) were deleted because of redundancy and difficulty in reliably scoring the pelvic tilt item. On recommendation of our expert panel, one item (lumbar curve in the frontal plane) was also deleted after the final evaluation round, because of difficulty in reliable scoring and potential redundancy with the pelvic obliquity and trunk lateral shift items. Next, all items were dichotomized, given operational definitions, and organized into a usable scale, with item names conforming to International Organization for Standardization standard 16840-1 [18] .
Instruments
Seated Posture Scale
The Seated Posture Scale (SPS) is currently a 23-item scale under development, including upper-and lowerlimb positions and trunk positions all related to adult wheelchair seated posture (Appendix, available online only). Each item is dichotomized, using a "1" to indicate an anatomical segment aligned in a designated "neutral" wheelchair seated position or a "0" to indicate nonalignment of the segment with this designated position. The designated neutral positions are defined as those in which body segments are aligned with either the vertical, horizontal, or wheelchair seat (for transverse angles). A higher summative score for the SPS indicates more body segments are aligned with this designated baseline position. The score does not constitute any type of clinical recommendation for a desired posture.
Prairie Reflections PSS98 Planar Simulator
We seated the older adult participants in a Prairie Reflections PSS98 Planar Simulator (Prairie Seating Corporation; Skokie, Illinois), on a standard 2 in. foam pressure relief cushion, to standardize seating conditions for participants of varying body sizes.
Modified Ashworth Scale
The Modified Ashworth Scale (MAS) is a widely used, 6-point ordinal scale used clinically for quantifying muscle tone in persons with neurological injury [19] . Interrater reliability for the MAS was found to be good with a Kendall tau of 0.847 [19] .
Barthel Index
The Barthel Index is a 10-item observational tool measuring ability to perform activities of daily living. Each activity is scored 0-3 and then summed to generate an overall possible score of 20 [20] . In a recent meta-analysis of overall interobserver reliability, the Barthel Index was found to have a weighted kappa of 0.93 [20] .
Visual Descriptor Scale
The Visual Descriptor Scale (VDS) is an ordinal scale (0-5) that measures intensity of nonmalignant pain, with higher scores indicating more intense pain [21] .
Concurrent validity of the VDS has been reported as 0.56-0.90, with test-retest reliability coefficients of 0.75-0.89 [21] . The VDS can be used with older adults with or without cognitive impairments.
Study Procedure
Content Validity
We followed Lynn's [22] two-stage process to assess content validity. Development, the first stage, is detailed in the "Seated Posture Scale Instrument Development" section. During the second stage, judgment-quantification, six wheelchair seating experts reviewed content validity of the instrument items and evaluated clarity of each item and instructions for use of the tool. Next, each item was reviewed for relevance to the overall construct of stable, seated posture. Each reviewer awarded "1" for clarity and "0" for lack of clarity, and "1" for relevant and "0" for irrelevant. Next, they judged whether the collective items adequately addressed wheelchair seated posture and what items might be missing. Finally, after the study team combined two items and edited all items as needed to enhance clarity according to the experts' initial recommendations, the panel was asked to complete the process again. During the second review round, individual item scores for relevance were averaged and these item means were averaged for the remaining 23 items, according to Davis [23] , to obtain the scale-content validity index (S-CVI).
Construct Validity
All testing was carried out in the VA CLC. After consenting study participants, we configured the seating simulator with a 105 seat-to-back support angle, a 90 seat-tolower-leg support angle, and a 90 lower-leg support-to-foot support angle. The lower-leg support length was adjusted to equal the length measured from the bottom of the thigh at the seat surface to the bottom of the heel of each participant, with the foot in neutral posture-0 of dorsiflexion or plantar flexion. We placed arm supports at a height sufficient to allow 90 of elbow flexion without shoulder protraction or elevation. The seat depth was set at the same depth as the shortest buttock/thigh depth measurement, according to Waugh [24] .
With participants seated in the simulator, a single data collector collected all data using the Barthel Index (function), VDS (pain intensity in nonmalignant pain), MAS (muscle tone), and SPS (posture). Muscle tone was scored in the seated position using right and left shoulder, elbow, hip, and knee. A value was selected for each motion (shoulder flexion and extension, ab-and adduction; elbow flexion and extension; hip flexion and extension and hip ab-and adduction in flexion; and knee flexion and extension) at each joint, recording only the highest value for each joint and then summing all eight values to give a total score on muscle tone.
To score the SPS, the tester used a simple metal tape measure and a clear plastic ruler, which provided a 90 angle to hold up and visualize alignment of body segments along the sides of the 90 angle.
Test-Retest Reliability
Initial test-retest reliability of the SPS was evaluated based on data collected in a biomechanics laboratory using three Hybrid III pedestrian anthropomorphic test dummies (ATDs) (Humanetics Innovative Solutions; Plymouth, Michigan). This was done to eliminate the potential for subject movement interfering with a true test of interrater reliability. The ATDs (including 5th, 50th, or 95th percentile anthropometrics) were posed in wheelchairs in seven different seated postures per ATD. Each ATD posture was scored twice using the SPS by four independent raters: one registered nurse, one physical therapist, one assistive technology practitioner, and the principal investigator (a registered nurse practitioner) for a total of 42 trials per rater. An interval of 2 min between trials was selected to maximize efficiency of testing. With the complexity of postures and SPS scale items, the research team felt 2 min was adequate to eliminate any effect of memory.
Internal Item Consistency and Item Analysis
Data collected in the VA CLC (as described earlier) were used for calculation of internal item consistency and for SPS item analysis tasks. We calculated internal consistency and conducted item analysis of all items of the SPS. Finally, we evaluated feasibility of the SPS by taking the mean of SPS burden (time to score each of 12 CLC participants who were already seated in their own wheelchairs).
Data Analysis
Content Validity
We evaluated content validity by averaging the six expert reviewers' relevance scores for each of 24 provisional individual items and then averaging these 24 values in Microsoft Excel (Microsoft Corporation; Redmond, Washington) to develop an overall S-CVI ( Table 1) . We used the clarity item means to revise the items, which were combined or eliminated and renumbered.
Construct Validity
Other data were analyzed using SAS version 9.2 (SAS Institute; Cary, North Carolina). Descriptive statistics were calculated to determine frequencies of age, sex, race and ethnicity, comorbidities, and scores on Barthel Index, VDS, and MAS. Values on variables associated with posture (physical function [Barthel Index], pain [VDS] , and muscle tone [MAS] ) were compared to total SPS score using Pearson product-moment correlation coefficients to provide support for preliminary construct validity of the scale.
Internal Consistency Reliability
Internal consistency reliability of the SPS was examined using SAS version 9.2 to obtain the Cronbach alpha, which represents the extent to which item responses correlate with each other and with total scale score. To determine the effect of specific items on the internal reliability values, we conducted item analysis. Item-total correlations were calculated for all items. Through iterative steps, items with negative or very low (<0.15) values were eliminated and the alpha was recalculated.
Test-Retest Reliability
For data collected in the laboratory using ATDs, Pearson product moment correlations were calculated from scores at two different time points on the summative scores for each of the four raters.
RESULTS
Sample
Forty-nine Veterans over 62 yr of age were enrolled, both community and CLC dwelling. All had a diagnosis with five or more comorbidities. Primary diagnoses were diabetic neuropathy (n = 4); stroke (n = 6); Parkinson disease (n = 2); chronic obstructive pulmonary disease (n = 4); sciatica (n = 2); osteoarthrosis of the spine (n = 2); and gastroesophageal reflux disease, rheumatoid arthritis, depression, cervical spondylosis, pulmonary hypertension, peripheral vascular disease, spastic paraparesis, hypothyroidism, muscle weakness, cardiomyopathy, backache, low back pain, avascular necrosis of hips, hip arthralgia, multiple sclerosis, degenerative joint disease, lung neoplasm, and muscular dystrophy (all n = 1). Additional demographic information is in Table 2 .
Seated Posture Scale Instrument
The SPS scale achieved very good content validity (S-CVI) of 0.744. Polit and Beck consider 0.90 excellent [25] . Of the 24 items, 10 received a perfect mean score of Construct validity of the SPS was supported, with the Barthel Index being positively associated with SPS score (r = 0.46, p < 0.001) and MAS being inversely associated (r = 0.44, p = 0.001). The VDS was not associated with SPS score (r = 0.22, p = 0.12).
Internal consistency of study participants' values on total SPS score achieved a Cronbach alpha value of 0.66 (raw data are reported in Table 3 
DISCUSSION
Through systematic instrument development methods, we developed a valid and reliable tool to assess posture in frail older adults in long-term care settings. We evaluated content and construct validity and estimated internal consistency of items and feasibility of administration. The SPS is different from existing tools because it requires almost no specialty equipment to execute, is brief, and includes upper-limb items in addition to items for the rest of the body.
While the literature review supported the inclusion of upper-limb items, only one expert panelist thought the upper limbs were relevant in evaluating overall posture. We expect persons with decreasing postural control, such as older adults who use wheelchairs, to need to support the upper trunk with their arms; thus, particularly with older adults, the arms may be important contributors to seated posture. Our item analysis supported inclusion of these items in the SPS. A similar outcome was true for the lower-limb items, with mixed support from the panelists for inclusion of the lower limbs: four members considered the lower-limb items relevant and two rated them irrelevant. However, firm foot and lower leg support are often critical components of seated positioning when postural control is decreased. In a long-term care environment, many individuals have lost or are losing postural control and the need for postural support increases. Even though support from our panel members was mixed, we chose to include these items because of their potential clinical relevance in this population.
Regarding construct validity, as expected, the SPS was associated with physical function and muscle tone. Older adults who sat with more of their body segments in neutral alignment would be expected to perform more activities of daily living (physical function), as reflected in the Barthel Index correlation. The MAS was negatively 34  34  35  36  16  17  27  29  13  17  32  36  41  15  12  29  31  15  13  35  36  31  36  -%  69  69  71  73  33  35  55  59  26  35  65  73  84  31  24 59  63  31  26  71  73  63 associated with the SPS; that is, the better the posture score, the lower the score on muscle tone and, conversely, the higher the muscle tone, the lower the score on posture.
For example, in conditions like Parkinson disease, where muscles may be rigid, we expect posture to be worse. The VDS was not associated with posture (r = 0.22, p = 0.12), Table 3 .
Seated Posture Scale raw data with summary scores by participant (ID) and by item.
but the VDS is not specific about the type and nature of pain. More information about the nature of pain or discomfort in persons who use wheelchairs might shed light on the association and whether more pain or discomfort is related to poorer posture. Regarding internal consistency of the SPS, four items with low to negative associations with the total score (numbers 15 and 16, right and left frontal lower-leg angles; and numbers 19 and 20, right and left transverse thigh angles) may represent how older men typically sit. A zero score was assigned if the body segment (lower limb) was not in the designated neutral alignment, which did not allow for any transverse rotation of the thigh on the wheelchair seat. Notably, almost no participants sat with their lower limbs this way, which is reflected in the mean item score for each of these items. It is likely that the designated neutral position of the thighs is not a normal or even an optimal posture for this body segment, at least for the males who predominated in our sample. We are not advocating this designated neutral alignment as optimal posture; it is being used as a designated comparison position for scoring purposes. Additional research will certainly be required to determine postures that are "optimal" for health outcomes in this population. Overall, internal consistency for the SPS was good.
When we considered test-retest reliability for total SPS scores by collecting posture data twice, in addition to collecting data on the outcome variables, our older participants could not maintain the same seated position across all measures without moving. Therefore, we eliminated the issue of movement as a confounder by collecting initial test-retest reliability data using the ATDs in the biomechanics laboratory. Test-retest reliability must still be addressed with human participants.
Of note, we scored alignment in older adults who sit upright in their wheelchairs. None of the 49 study participants was seated with the wheelchair simulator positioned in tilt or recline; however, a number of older adults in long-term care are routinely positioned in their wheelchairs in the tilt or recline position. Items 1, 8, 9, 17, 18, 21, and 22 cannot be scored using our procedure if the individual is seated in a wheelchair where the seat and/or back are not in an upright position. This is an important issue for older adults who use wheeled mobility, because tilt may actually be an effective solution for improving the posture of older adults. For the purposes of scoring posture, a scale with these items removed may be needed in that particular seating situation and the resulting scale will require further responsiveness testing in a future study.
In scoring items, a small difference (e.g., 5) in ab-or adduction of upper or lower limbs is still scored a "0" with the SPS. Therefore, the SPS does not take into account slight variations in posture. Some postures may be out of neutral alignment but comprise "normal" sitting for adults in wheelchairs. Much larger sample sizes are needed to describe normal posture. A positive score of "1" on each of the following items constitutes acceptable posture: 90-105 of hip, elbow, knee, and ankle flexion and 0 ab-or adduction at the shoulder and hip. Although completely neutral alignment may not be a normal seated posture, frail older adults seated in wheelchairs may require the support that neutral alignment provides, especially when they cannot reposition themselves. Because this population is already at great risk of poor rehabilitation outcomes in long-term care, poor posture could exacerbate existing conditions, worsen health status, and hinder rehabilitation efforts.
This study was limited in sample size. Given the preliminary nature of the study, future work will need to be conducted to determine the best composition of the SPS with the best set of items. We also recruited only one woman, because of the demographic characteristics of our older Veteran population.
It is possible that in scoring test-retest data with the ATDs, after 2 min out of the room, the scorer could remember the first item decision made, influencing the second score; however, we attempted to achieve rapid scoring of a large number of postures by several raters, and this method was the most feasible we could achieve.
More test-retest reliability testing is needed to address potential error that would be seen in evaluating real people. Future research includes plans to establish criterionrelated validity for the SPS, extend test-retest reliability testing, and include more women participants.
CONCLUSIONS
This research used an iterative method to develop and evaluate validity and reliability of the SPS, a low-burden, low-technology, rapid evaluation of seated posture in older adults who use wheelchairs for seating and mobility. Support for content validity of the SPS was provided through review by six experts in the field. The total SPS score for the older adults in the study correlated positively with physical function (Barthel Index, r = 0.46, p < 0.001) and negatively with muscle tone (MAS, r = 0.44, p = 0.001), supporting the construct validity of the SPS. Internal consistency on the SPS score was 0.66, based on Cronbach alpha. Test-retest reliability using ATDs in wheelchairs yielded Pearson product-moment correlations ranging from 0.89 to 0.99 across four raters. These results provide strong preliminary support for the validity and reliability of the SPS. Research is ongoing to further refine the SPS, and future use may include evaluation of wheelchair seated posture in outcomes research and clinical settings.
